The first step in the qualitative and quantitative analysis of medicinal plant constituents is the extraction step. Ideally, an extraction procedure should be exhaustive with respect to the constituents to be analyzed, rapid, simple, and for routine analysis amenable to automation. Usually, the traditional techniques require long extraction times, with more consumption of energy resources and organic solvent, have low efficiency and are often unsafe for thermolabile botanicals. The Taguchi based optimization technique was adapted for the process optimization of ultrasound assisted extraction (UAE) of Curcuma longa to identify the effect of four major factors namely, extraction time, solvent viscosity, grinding degree and solvent volume on the percentage extraction of curcumin. The reproducibility and recovery of the method was also investigated. The efficiency of the new extraction method was then compared with conventional solid liquid extraction procedures. Using this novel method, long hours of conventional Soxhlet extraction were cut down to 70 minutes of UAE with greater reproducibility and recovery. The study clearly shows that this method can be effectively utilized for cutting down long extraction time of botanicals to just a few minutes without the aid of heat.
The rhizomes of Curcuma longa L. (Zingiberaceae) provide a yellow and flavorful powder when dried and ground. As a powder called 'Turmeric', it has been valued worldwide as a functional food because of its health promoting properties [1] . The coloring principle, curcumin (diferuloylmethane, C 12 H 20 O 6 ), and two other related compounds, viz. monodemethoxycurcumin and bisdemethoxycurcumin, together known as curcuminoids, are the active constituents of C. longa [2] . There are several reports indicating a variety of pharmacological activities of curcuminoids, such as antiinflammatory, antifungal, antibacterial, antiparasitic and antimutagenic and as modest inhibitors of HIV 1 and HIV 2 proteases [2] .
Even though extraction forms the basic first step in qualitative and quantitative analysis of medicinal plant constituents, an incomplete extraction process producing a poorly prepared extract is sufficient to invalidate even the most powerful chromatographic detection system. Ideally, an extraction procedure should be exhaustive with respect to the constituents to be analyzed, rapid, simple, and inexpensive with a high degree of automation. Usually, the traditional techniques like Soxhlet, maceration, reflux and hydrodistillation require long extraction times and have low efficiency. Moreover, many natural products are thermally unstable and could be degraded during the extraction if higher temperature be used [3] .
In recent times, modern techniques, such as ultrasound assisted extraction, have proved to be a promising tool for the extraction of bioactive natural products from plant drugs. A most likely mechanism for ultrasonic extraction is an enhanced mass transfer, which is due to subsequent swelling and enlargement of pores of the cell wall, which in turn provide a more easy access for the extracting solvent. Cavitational collapse also plays a crucial role. Due to the expansion cycle produced on account of passage of ultrasound through the liquid medium, micro bubbles are formed. Once formed, these bubbles will grow in size by absorbing energy from the sound waves. At a certain point these bubbles implode and the potential energy of the expanded bubble transforms into kinetic energy in the form of a liquid jet, which directly strikes on the nearby plant cell. This impact of shock waves is sufficient enough to cause cell wall disruption, thus facilitating the release of constituents from inside the cells into the surrounding solvent [4] . Even though several attempts have been made to evaluate ultrasound assisted extraction potential for the extraction of natural bioactive compounds, this current work describes how orthogonal array can be used for the effective optimization of several extraction parameters simultaneously with the use of the least number of experimental steps. This particular Taguchi model is considered better than traditional factorial or fractional factorial design as it can extract more precise information from a limited number of experimental runs. All the earlier works related to the application of ultrasound towards the extraction of bioactive natural compounds from the plant matrix have primarily focused on optimization of the extraction model for getting maximum yield. Hence the goal of this work is to design and optimize an ultrasound based robust extraction methodology for bioactive natural compounds using an orthogonal array optimization pattern. C. longa was selected as the botanical material in this case and curcumin, being the principle marker, was used as the performance indicator for monitoring the optimization study of ultrasound assisted extraction using the orthogonal array design pattern. The different factors that were selected for the optimization study were extraction time, solvent viscosity, particles size and solvent volume ( Table 1) . The results of the orthogonal test are shown in Table 2 .
In all the conventional extraction approaches used in this work, acetone was used as the extracting solvent. The literature reveals that acetone has been frequently used for extraction of curcumin from C. longa because of its greater solubilizing capacity for curcumin [5] . Figure 1 shows that increase in extraction time from 20 to 60 min was associated with an increase of 31.4% extraction efficiency. This is quite evident because more exposure to acoustic shock waves improves the mass transfer equilibrium. Moreover, such shock waves can also cause some destructive changes in the plant cell wall leading to leaching out of the constituents. Table 1 : Factors and levels for the orthogonal design (A-D are the respective codes for each factor). Extraction rate (%) for conventional approaches was calculated by considering the percentage extraction of curcumin (w/w) obtained from UAE as 100%. In this work, the solvents were selected in ascending order of their viscosity. An increase in 10.3% extraction efficiency was observed with increasing solvent viscosity, and, as a result, ethanol, with the highest viscosity, showed the maximum yield. However, as a general rule, solvents with lower viscosity will have greater penetrability and hence should produce the maximum yield. Although acetone and methanol have low viscosity, which makes cavitation occur easily, they have high vapor pressure thus resulting in less violent cavitational collapses and hence more bubbles may be created, but they collapse with less intensity, which results in lesser intensity shock waves. Ethanol on the other hand, on account of its low vapor pressure, results in the formation of larger number of cavitation bubbles, whose collapse were further intensified as a result of its relatively low vapor pressure producing high intensity shock waves resulting in improved mass transfer. Hence ethanol was selected as the optimum extraction solvent. All the three solvents used in the extraction procedure possess appreciable solubilizing capacity for curcumin as it is freely soluble in these three solvents. Through the effective optimization study it was highlighted how viscosity and vapor pressure can indirectly affect the extraction performance. However, in conventional extraction with a Soxhlet apparatus, these parameters needs no consideration.
Particles obtained from sieve 20 showed the best results ( Figure 1 ). However, solvent volume in the range selected did not show much appreciable change in the extraction yield.
The above orthogonal array design optimization study revealed that the optimized conditions for UAE are 60 min extraction time, ethanol as the extracting solvent, particles screened through sieve 20 and solvent volume 20 mL. With the optimized conditions thus obtained, optimization studies were carried out to determine the effect of prolonged extraction times beyond 60 min and effect of ethanol concentration on the extraction performance to make the UAE conditions more robust.
Extraction yield was found to increase up to 70 minutes when UAE was performed at the optimal conditions as derived ( Figure 2 ). Further enhancement in extraction time did not show any improvement in extraction yield, which can be due to decrease in concentration gradient between the constituents present inside the cell and in the external solvent.
Use of different ethanol-water mixtures showed that 80% v/v ethanol-water showed the best results with a maximum yield of 3.95 % w/w of curcumin ( Figure  3 ). This was probably due to improvement in relative polarity and effective swelling of the plant cell by water, which helped in increasing the surface area for solute solvent contact. Furthermore, the presence of water lowers the mixture viscosity and thus mass transfer was improved. At higher water concentrations, such as in 20% ethanol, the product recovery was the lowest because the high content of water moved the mixture polarity to the degree that it no longer was favorable for extraction of curcumin.
Hence the final robust optimum extraction conditions for UAE was concluded to be: 70 min extraction time, ethanol (80% v/v) as the extracting solvent, particles screened through sieve 20, and solvent volume 20 mL.
The reproducibility of the novel extraction method was determined by processing five samples of the same weight (0.5 g) under the optimum extraction conditions obtained. The mean percentage extraction of curcumin (w/w) obtained under the optimized conditions was found to be 3.96, which is 50% more efficient than 4 hours of conventional Soxhlet extraction. The calculated RSD value was 4.9%, which shows that the proposed method has an acceptable precision. To estimate the extraction losses, some samples were spiked with a known quantity of curcumin.
The percent loss was calculated on the basis of recovery of added curcumin by subtracting the values from unspiked samples. The results show recoveries to be generally better than 90%. The repeatability of HPTLC under the optimal UAE conditions was found to be 0.53%. The recovery rates of the chromatographic process were investigated by adding known concentrations of stock solutions of curcumin to a pre-analyzed crude extract. Recovery values of curcumin obtained were 98.7%, 97.1% and 99.1%. Table 3 shows the extraction profile of UAE compared with other conventional techniques. UAE can produce a much higher yield in a shorter time than any of the three conventional techniques compared. The comparison of R.S.D values also indicated that the proposed UAE has better precision than other conventional approaches. Figure 4 shows the extraction rate (%) obtained for different conventional approaches, calculated with respect to the highest yield obtained from UAE under optimum conditions. UAE offers a promising alternative for efficient extraction of curcumin from the rhizomes of C. longa. The main mechanism for enhanced recovery of curcumin with ultrasound assisted extraction was acoustic cavitation, a phenomenon occurring in liquid medium under the influence of ultrasound, which causes tissue disruption, thus enhancing the mass transfer of the solute into the solvents. However, to make UAE more robust, a strong optimization strategy should be adapted which can facilitate the study of vital extraction parameters simultaneously with the minimum use of experimental steps.
Experimental
Plant materials: Dried rhizomes of Curcuma longa were provided as a gift from the herbal exporter M/S Ram Traders (Mumbai, India) and were used as received without any pretreatment. Rhizomes were milled to homogenous 40, 20, and 10 mesh powders (selected by sieve) immediately before the experiment. A voucher specimen of the plant sample (UAE-CL2007) has been preserved in our laboratory for future reference.
Reagents: Acetone and methanol used for extraction were all of analytical grade from Merck (India). Ethanol (HPLC Grade) was purchased from S.D Fine Chemicals (India). Chloroform and methanol used in HPTLC analysis were all of HPLC grade. Precoated silica gel 60F 254 plates for HPTLC analysis were from E.Merck (Darmstadt, Germany). Curcumin standard of 99% w/w purity was obtained as a gift from the Centre for Cellular and Molecular Biology (Hyderabad, India).
Apparatus:
For the UAE experiments, an ultrasonic bath was used as an ultrasound source. The bath, 275DAE (Crest Ultrasonics, USA), was basically a rectangular container (23.5 cm ×13.3cm × 10.2 cm), to which two 38.5 kHz transducers were annealed at the bottom. The bath power rating was 270W.
Sample preparation by conventional extraction techniques:
Three conventional extraction techniques, as given below, were used for comparison with UAE. Soxhlet extraction was considered as the standard extraction technique and at each step of UAE, extraction efficiency was reported by comparison with Soxhlet extraction data. Soxhlet extraction was performed using a classical Soxhlet apparatus, 2 g of the drug powder, an extraction time of 4 h, and 100 mL of acetone as the extracting solvent. The extract was combined and evaporated under vacuum. The dried residue was dissolved in 10 mL methanol, from which 100 µL was transferred to a 5 mL volumetric flask, and after making up the volume with methanol, 2 µL was quantified by HPTLC. The percentage extraction of curcumin (w/w) present after 4 h of acetone extraction was found to be 2.64. Maceration was carried out in a closed conical flask for 24 h. Extraction by stirring was carried out by continuous stirring for 24 h with the help of a magnetic stirrer in a closed conical flask. In both cases, 2 g powdered drug (screened through sieve 40) was used, and 50 mL acetone as the extracting solvent. Heat was not applied in either of the cases. The suspension after maceration/stirring was centrifuged and the supernatant evaporated under reduced pressure; the residue was dissolved in methanol for HPTLC analysis, as described earlier. 
